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INTRODUCTION
Papillary thyroid carcinoma (PTC) accounts for about 80% of thyroid carcinomas and usually has a good prognosis, with a mortality rate of less than 10%. 1, 2 In 30-80% of patients, however, PTC metastasizes to regional lymph nodes. 3, 4 Many studies have shown prognostic significance of node metastasis in thyroid carcino-using a 7-to 15-MHz linear array transducer (HDI 5000; Philips Medical Systems, Bothell, WA, USA) or a 5-to 12-MHz linear array transducer (iU22; Philips Medical Systems). Real-time US was performed by one of four radiologists, all of whom were aware of the patients' clinical histories. Suspicious US features of lymph nodes included hyperechogenicity relative to the surrounding muscles, loss of fatty hilum, cystic changes, calcification, round shape (a long/transverse diameter ratio <1.5), and a chaotic or peripheral vascular pattern. 1, 10, 15 Lymph nodes were considered suspicious when one or more of these suspicious US findings was present.
FNAB of lateral cervical lymph nodes was performed simultaneously with preoperative US staging. US-guided FNAB was performed with a 23-gauge needle attached to a 20-mL disposable plastic syringe and aspirator. Aspirated material was smeared onto glass slides, some of which were immediately immersed in 95% alcohol for Papanicolaou staining. The remaining material was rinsed in saline for cell block processing. FNA wash-out Tg levels were measured by rinsing the same needle and syringe with 1 mL of normal saline. 13 
Computed tomography
All patients underwent contrast-enhanced CT with a multidetector scanner (Somatom Sensation 16 or Somatom Sensation 64; Siemens Healthcare, Erlangen, Germany) with a reconstructed slice thickness of 3 mm for axial and coronal images. A 90-mL dose of iodinated contrast medium (iopromide, Ultravist 300; Bayer Schering Pharma, BerlinWedding, Germany) was administered intravenously at a rate of 3 mL/s with an automated injector. A 3-mL/s flush of normal saline solution was injected immediately afterward to reduce artifacts induced in the subclavian vein. The scan delay time was 40-60 s. Suspicious CT features suggesting metastasis included the presence of calcifications, central necrosis or cystic change, and lymph nodes showing heterogeneous cortical enhancement or greater enhancement than the adjacent muscle. 1, 16 CT enhancement (HU) was considered objectively valuable because it could be quantified. HU was measured by drawing round to oval regions of interest, mostly at the areas of solid contents, showing prominent enhancement in the lymph nodes.
Surgical procedure and pathological analysis
When fine needle aspiration cytology revealed malignant cells in the lymph nodes, unilateral lateral neck dissection ma. Furthermore, some groups demonstrated that lateral neck node metastasis is an important prognostic factor for tumor recurrence and poor prognosis, 5, 6 whereas some opposed. 7, 8 Precise preoperative detection of lateral neck node metastasis is important in determining the extent of surgery. According to American Thyroid Association (ATA) guidelines, ultrasound-guided fine-needle aspiration biopsy (USguided FNAB) is the most accurate and cost-effective method for evaluating thyroid nodules and enlarged cervical lymph nodes. 9 Despite its usefulness in detecting metastatic lateral neck nodes, US is operator-dependent and is limited in detecting lymph nodes in the retropharyngeal space, the mediastinum, and low level VI. 10 Moreover, 5-10% of FNABs are non-diagnostic 11 and 6-8% are false negatives. 12 Several recent studies have reported that the detection of thyroglobulin (Tg) in fine-needle aspirate washout (FNA wash-out Tg) has a higher sensitivity and specificity in identifying metastatic lymph nodes than FNAB alone. 13, 14 However, the diagnostic FNA wash-out Tg threshold has not yet been established. 13 In contrast to US, computed tomography (CT) is not operator-dependent, and is capable of evaluating whole neck levels. We have analyzed the risk of FNAB providing false negative results of lateral neck node metastasis in patients with PTC, and we also compared the diagnostic accuracy of several preoperative evaluation methods in detecting lateral neck node metastasis in these patients.
MATERIALS AND METHODS

Patients
Between January 1, 2010, and December 31, 2011, 408 patients with PTC suspected of having lateral neck node metastasis on preoperative imaging were operated on by a single surgeon at the Thyroid Cancer Center, Gangnam Severance Hospital, Yonsei University College of Medicine. Of these, 242 consecutive patients underwent US and CT during preoperative evaluation and were enrolled in this study. All patients underwent FNAB. FNA wash-out Tg and CT enhancement [Hounsfield units (HU)] were measured in all suspicious lymph nodes. This retrospective study of medical records was approved by the Institutional Review Board of Yonsei University College of Medicine, Seoul, Korea, which waived requirements for patient approval and informed consent.
Ultrasound guided FNAB and FNA wash-out Tg US examinations of cervical lymph nodes were performed Cary, NC, USA).
RESULTS
Patient characteristics and comparisons
The mean age of the patients was 44.1 years (range, 18-73 years) and the male to female ratio was 1:2.6 (68:174 patients). Of the 242 patients, 130 were confirmed as having metastases. Seventy two patients were confirmed by FNAB and 58 patients were negative results of FNAB but confirmed by intraoperative frozen section (Table 1) . Lateral neck dissection involved removing level II to IV or V in some cases. The mean number of dissected lateral lymph nodes was 38 (range, 10-95). The clinicopathologic characteristics of the patients are summarized in Table 2 . Patients with lateral neck node metastasis were significantly younger than those without metastasis (p=0.002). The mean tumor size was significantly larger in the metastatic than in the nonmetastatic group (p<0.001). Tumor stage >T 2 (p=0.006), presence of extrathyroidal invasion (p=0.011), and presence of psammomatous calcification (p=0.004) were significantly more frequent in the metastatic group, as were FNA wash-out Tg concentration (p<0.001) and HUs (p=0.009). There were no significant between group differences in gender distribution (p=0.774), presence of multiple tumors (p=0.059), type of tumor margin (p=1.000), and presence of thyroiditis (p=0.787). Multivariate analysis showed that tumor size >1 cm and FNA wash-out Tg >34.8 ng/mL were significantly associated with lateral neck node was performed along with total thyroidectomy. In patients having lymph nodes with suspicious US or CT features but with no definite metastatic cells on cytology, on-site USguided localization of lateral neck nodes was performed. Targeting of lateral neck nodes was performed by injecting 0.1 mL of 5% vital dye under US guidance. Utilizing the standard low neck collar incision for thyroidectomy, the stained lateral neck node was excised and sent for frozensection histologic analysis. The extent of surgery was based on the results of frozen-section examination. If the lymph node was confirmed as metastatic node, lateral neck dissection was performed (Fig. 1) . Lateral neck dissection involved removing levels II to IV, or V in some cases. Aspirated lymph nodes were evaluated on a level-by-level basis, and the results of FNAB and pathology were compared.
Statistical analysis
Categorical data were reported as frequencies and percentages, and χ 2 tests were used to determine differences between metastatic and benign lymph nodes. Continuous variables were compared using Student's t-tests. Appropriate cut-off values of FNA wash-out Tg and HU in metastatic lateral lymph nodes were calculated by receiver operating characteristic (ROC) analysis. The sensitivity, specificity and accuracy of FNAB, FNA wash-out Tg and HU were calculated on the basis of permanent pathology, and pairwise comparison was determined using area under the curve (AUC). All reported p values are two sided, with p values <0.05 defined as statistically significant. All statistical analyses were performed using SAS software, version 9.1 (SAS Institute, wash-out Tg concentration >34.8 ng/mL was significantly correlated with false negative results on FNAB (p=0.002) ( Table 5 ).
Comparative analysis of FNAB, FNA wash-out Tg, and HU Of the 242 patients, 74 (30.6%) were initially diagnosed with lateral neck node metastasis by FNAB, with 2 (0.8%) being false positives. Moreover, 58 (24.0%) were false negatives. The sensitivity and specificity of FNAB were 55.4% and 98.2%, respectively. ROC analysis was performed on FNA wash-out Tg and HU. Using an FNA wash-out Tg cut-off value of 34.8 ng/mL, AUC was 0.822, the sensitivity was 58.5%, and the specificity was 99.1%. Using an HU cut-off value of 133, the AUC was 0.598 and the sensitivity and specificity were 35.4% and 85.7%, respectively (Table   metastasis (Table 3) .
Risk analysis of false negative results in FNAB
Of the 168 patients with negative results on FNAB, 58 were diagnosed as having lateral neck node metastasis after analysis of intraoperative frozen sections, making the false negative rate of FNAB 44.6%. Clinicopathologic characteristics of the false negative and true negative patients are summarized in Table 4 . Patients in the false negative group were significantly younger (p=0.001) and had significantly larger tumors (p=0.002) than patients in the true negative group. Psammomatous calcifications (p=0.020) were significantly more common and FNA wash-out Tg concentration (p=0.004) was significantly higher in the false negative group. Other clinicopathologic features did not differ significantly. Multivariate analysis showed that only a FNA specificity (Table 7) .
DISCUSSION
Although preoperative evaluation for lateral neck node metastasis is important in patients with PTC, predicting such metastases is very difficult. Significant clinical factors associated with lateral neck node metastasis include male gender, age <45 years, tumor size >2 cm, and presence of extrathyroidal invasion. 17, 18 Although observed no significant differ-6). Compared these three methods, we found that the AUCs of FNAB, FNA wash-out Tg, and HU were 0.768, 0.822, and 0.598, respectively, with the AUC of FNA wash-out Tg being significantly higher than that of FNAB (p=0.019), and the AUC of HU being significantly lower than that of FNAB (p<0.001) or FNA wash-out Tg (p<0.001). The accuracy of FNAB increased significantly when combined with FNA wash-out Tg (p=0.003). The AUC increased from 0.768 to 0.829, the sensitivity was 65.4% and the specificity was 97.3%. None of the other pairwise combinations, however, showed significant increase in AUC, sensitivity and kits are used worldwide and also the techniques and volumes used for syringe washout differ considerably. We used an electrochemiluminescence immunoassay, in which the maximum measurable concentration of FNA wash-out Tg level was 5000 ng/mL. FNA wash-out Tg concentration has been reported to be more sensitive than FNAB alone and to increase the sensitivity of FNAB when the two are combined. 13 We indeed found that the accuracy of FNA wash-out Tg was significantly higher than that of FNAB (p=0.019), and that the accuracy of FNAB was increased significantly when combined with FNA wash-out Tg (p<0.001).
Although routine preoperative CT has not been recommended by the ATA guidelines, 20 CT enhancement (HU) is relatively objective and quantifiable. We found that an HU higher than 110 was significantly associated with the presence of lateral neck node metastasis. 4 Although HU was significantly higher in the metastatic group (p=0.009), its sensitivity (35.4%) was lower than that of FNAB or FNA wash-out Tg. Similarly, comparative analysis showed that the accuracy of HU was significantly lower than that of other preoperative methods, and that the accuracy of FNAB was not increased significantly when combined with HU. Elevated HU, nevertheless, may still be useful in diagnosing lateral neck node metastasis.
In conclusion, the false negative rate of FNAB can be reduced by considering patient age (<45 years), tumor size (>1 cm) and FNA wash-out Tg (>34.8 ng/mL) during preoperative planning. The accuracy of FNAB may be improved by combining it with measurements of FNA washout Tg.
ence between genders, we found that patient's age, tumor size, and presence of extrathyroidal invasion were significantly associated with lateral neck node metastasis. Moreover, we found that the presence of psammomatous calcification, FNA wash-out Tg, and HU were predictive factors. Multivariate analysis showed that tumor size >1 cm and FNA wash-out Tg >34.8 ng/mL were particularly significant predictive factors.
US and US-guided FNAB are considered the modalities of choice for assessing thyroid nodules and lymph nodes in patients suspected of having thyroid cancer. US has shown variable sensitivity (37-84%), but relatively high specificity (89-98%), in detecting metastatic nodes. 1, 5 Hyperechogenicity, loss of fatty hilum, cystic change, calcification, round shape, and abnormal vascular pattern are US features associated with metastatic lymph nodes. 1, 10, 15 However, lymph node enlargement and loss of fatty hilum are often seen in normal individuals, making these findings problematic in identifying metastatic lymph nodes. 19 Although US and USguided FNAB are highly accurate, they are operator-dependent; thus diagnoses can vary according to the ability of the operator or pathologist. The false negative rate (44.6%) observed for FNAB, might have been due to aggressive evaluation of suspicious lateral neck nodes, even if FNAB results were negative. Risk analysis of false negativity on FNAB showed that patient age, tumor size, and FNA washout Tg were significantly associated with preoperative results, with FNA wash-out Tg concentration being the most significant factor in multivariate analysis. To reduce the false negative rate of FNAB, patient age, tumor size, and FNA wash-out Tg should be considered in preoperative planning.
Tg concentration in FNA washout was initially reported to be useful for early detection of neck lymph node metastases in patients with differentiated PTC.
14 This procedure does not require an additional puncture, requires little extra time, and is easy to perform. However, it is very difficult to determine a specific Tg threshold concentration because various 
